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Amendments to the Claims: 

This listing of claims will replace all prior versions, and listings, of claims in the application: 
Listing of Claims: 

1. (cancelled). 

2. [[The]] A phase interpolator as claim o d in claim - b for adjusting a phase of differential clock 
signals of a receiver to a phase of a data from a transmitter, the phase in terpolator comprising: 

an integrator configured to slew guteut si finals nf a mixer connectable to the interpolator^ 
the mixer outnutting said differential clock signals and con figured to change swings of the 
differential clock signals to change capacitance in the integrator upon receiving a signal from a 
controlle r odgoo of differential clock pignalo adjuotod to tho phaco of the data from th e 
transmitt e r , 

[[a]] an output buffer configured to amplify aaroutput signals of the integrator, 

a duty cycle correction circuit configured to receive the amplified signals from the output 
buffer and adjust duty ratios of the output signals of the o utput buffer to output food duty 
eege otion Gignalo back to th & a djusted differential clock signals; and 

the controller configured to receive the adjusted differential clock signals and determine 
whether or not voltages of the adjusted differential signals are amplifiable by th e output buffer, 
the controller configured to output the signal to the integrator to change capacitance of the 
integrato r onouro operations of an amplitude of tho output buffer and a data rood circuit in 
adjusting swings and duties of th e adjusted differential clock Gignalu, 

wherein the controller comprises: a first comparison unit configured to determine 
whether or not the adjusted differential clock signals and the swings of the differential clock 
signals satisfy a standard voltage that the output buffer is able to amplify, 
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wherein an output of the first comparison unit is coupled to a capacitor and an inverter to 
switch the inverter when a voltage of the output of the first comparison unit reaches a 
predetermined voltage, wherein an output of the inverter is coupled to a gate of an NMOS 
transistor, wherein the NMOS transistor is coupled to the capacitor in the integrator and the 
adjusted differential clock signal, wherein the integrator is configured to change a capacitance of 
[[the]] a capacitor in.the integrator in accordance with switching the gate of the NMOS transistor. 

3. (currently amended) The phase inteipojator as claimed m claim [[1]] 2, wherein the 
controller comprises: 

a second comparison unit configured to determine whether or not the adjusted differential 
clock signals and the swings of the differential clock signals satisfy a predetermined voltage that 
the output buffer is able to amplify; 

a third compiirison unit configured to generate a clock using the adjusted differential clock 

signals; 

wherein an output of the second comparison unit is coupled to a data input of a first 
flip-flop, 

wherein an output of the third comparison unit is coupled to a delay circuit configured to 

generate a delayed clock signal from the output of the third comparison unit, 

wherein the first flip-flop receives the delayed clock signal to [[hit]] process the output of 

the second comparison unit to output an output signal, 

wherein a data input of a second flip-flop and a NAND gate receives the output signal, 
wherein a clock input of the second flip-flop receives delayed clock signal and [[hits]] 

processes the output of the first flip-flop to output [[it]] a second output signal to the NAND gate, 
wherein an output of the NAND gate is coupled to a gate of an NMOS transistor, 
wherein die NMOS transistor is coupled to [[a]] the capacitor in the integrator and the 

adjusted differential clock signal, 
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wherein the integrator is configured to change a capacitance in the integrator to switch 
the gate of the NMOS transistor off when a differential voltage of the adjusted differential clock 
signal is smaller than a predetermined voltage. 

4. (original) The pJiase inteipolator as claimed in claim 2, wherein the first comparison unit 
comprises: 

a fourth comparison unit including: 

a positive input part configured to receive a first signal; 

a negative input port configured to receive a second signal; and 

a reference input port configured to receive a third signal; 
a fifth comparison unit including: 

a positive input port configured to receive the second signal; 

a negative input port configured to receive the first signal; and 

a reference input port configured to receive the third signal; and 
an EXOR gate configured to receive an output of the fourth comparison unit and fifth 
comparison unit to output an exclusive OR operation of the fourth comparison unit and 
fifth comparison unit. 

5. (currently amended) The phase interpolator as claimed in claim 4, wherein the fourth 
comparison unit and the fifth comparison unit compris e s comprise : 

a sixth comparison unit including: 

a positive input port configured to receive a fourth signal; and 

a negative input port configured to receive a fifth signal; 
a seventh comparison unit including: 

a positive input port configured to receive an output of the sixth comparison unit; 

and 

a negative input port configured to receive a sixth signal; and 
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an inverter configured to receive an output of the seventh comparison unit to invert the 
output of the seventh comparison unit 

6. (original) The phase interpolator as claimed in claim 4, wherein the controller includes a 
circuit configured to control the capacitance in the integrator, so as not to allow the swings to 
drop lower than a predetermined value. 

7. (currently amended) The phase interpolator as claimed in claim [[1]] 2, wherein the 
controller comprises a first operational amplifier configured to determine whether or not the 
swings of the adjusted differential clock signals and the differential clock signals are amplifiable 
by the output buffer, 

wherein an output of the first operational amplifier is coupled to [[a]] the capacitor and 
[[an]] the inverter, 

wh e r e in th e inverter owitohoo at a - prodotomiinod voltage, an o*rtput " o£tfa e inverter-is 
coupl e d to n gat e of iin NMOS tranaiotor, tho NMOS tranGwtog4fl - coupl e d - to4h e capacity and 
the adjust e d differential olock signal, whoroin tho integrator io configured to change tho 
capaoitanoo of tho capacitor in th e int e grator - accc«ding4Q switching the gat e of tho NMOS 
tranoiotor, 

wherein the first operational amplifier comprises: 
a second operational amplifier including: 

a positive input port configured to receive a first differential clock signal; 
a negative input port configured to receive a second differential clock 
signal; and 

a reference input port configured to receive a reference signal; 
a third operational amplifier including: 

a positive input port configured to receive the second differential clock 
signal; 

a negative input port configured to receive the first signal; and 
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a reference input port configured to receive the reference signal; and 
an EXOR gate configured to receive an output of the second operational amplifier and 
third operational amplifier to output an exclusive OR operation of the second operational 
amplifier and third operational amplifier, 
wherein the second and third operational amplifier comprise: 

a fourth operational amplifier configured to output a comparison signal, the fourth 
operational amplifier including: 

a positive input port configured to receive the first differential clock 

signal; and 

a negative input port configured to receive the second differential 

clock signal; 
a fifth operational amplifier including: 

a positive input port configured to receive the comparison signal; and 

a negative input port configured to receive the reference signal; and 
an inverter configured to receive an output of the fifth operational amplifier to 
invert the output of the fifth operational amplifier. 

8, (currently amended) The phase interpolator as claimed in claim [[1]] 2, wherein the controller 
comprises: 

a first sixtfe operational amplifier configured to determine whether or not adjusted 
differential clock signals and the swings of the differential clock signals satisfy a predetermined 
voltage that the output buffer is able to amplify; 

a second aovonth operational amplifier configured to generate a clock using the adjusted 
differential clock signals; 

wherein an output of the first sixth operational amplifier is coupled to a data input of a 
th&4 first flip-flop, wherein an output of th e second ceventh operational amplifier is coupled to a 
delay circuit configured to generate a delayed clock signal from the output of the second sevegfe 
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operational amplifier, wherein the first fe4 flip-flop receives the delayed clock signal to hit the 
output of the first «x& operational amplifier to output an output signal, wherein a data input of a 
fourth second flip-flop and a NAND gate receives the output signal, wherein a clock input of the 
second fearfe flip-flop receives delayed clock signal and kite processes the output of the first 
flip-flop to output [[it] a second output signal to the NAND gate, wherein an output of the 
NAND gate is coupled to a gate of [[an]] the NMOS transistor, whoroin tho NMOS transistor is 
coupl e d to a capacitor in tho integrator and th e adjust e d diff e r e ntial clock s ignal, wherein the 
integrator is configured to change the capacitance of the capacitor in the integrator to switch the 
gate of the NMOS transistor off when a differential voltage of the adjusted differential clock 
signals is smaller than a predetermined voltage, 

wherein the first and second B weuft operational amplifier comprise: 
a third eighth operational amplifier including: 

a positive input port configured to receive a first differential clock signal; 
a negative input port configured to receive a second differential clock signal; and 
a reference input port configured to receive a reference signal 
a fourth ninth operational amplifier including: 

a positive input port configured to receive the second differential clock signal; 
a negative input port configured to receive the first differential clock signal; and 
a refeiience input port configured to receive the reference signal; and 
an EXOR gate configured to receive an output of the third e ighth operational amplifier 
and the fourth ninth operational amplifier to output an exclusive OR operation of the third eight h 
operational amplifier and the fourth ninth operational amplifier, 

wherein the tt iird e ighth and fourth ninth operational amplifier comprise: 
a fifth tenth operati onal amplifier including: 

a positive input port configured to receive the first differential clock; and 
a negative input port configured to receive the second differential clock; 
a sixth e l e v e nth operational amplifier including: 
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a positive input port configured to receive an output of the fifth teatJ* operational 
amplifier; and 

a negative input port configured to receive the reference signal; and 
an inverter configured to receive an output of the sixth e l e v e nth operational amplifier to 
invert the output of the sixth e l e venth operational amplifier. 

9. (currently amended) A phase interpolator comprising; 

an integrator configured to receive output signals of a mixer connectable to the 
interpolator a diuctod differ e ntial clock oignftlo, tho integrator and configured to slew [[the]] 
differential clock signals outputting from the mixer: 

[[a]] an output buffer configured to amplify an output of the integrator; 

a duty cycle correction circuit configured to receive amplified signals from the output 
buffer to adjust a duty ratio phas es of the amplified signals, the duty cycle correction circuit 
configured to output &e4 the adjusted signals baefe to the output buffer, and 

a controller configured to control a rate of slewing the differential clock signals carried 
out by the integrator, when swings of the differential clock signals are below a predetermined 
value. 

10. (currently amended) The phase interpolator as claimed in claim 9, wherein the controller 
comprises: 

a first comparison unit configured to receive the adjusted differential clock signals and a 
first reference signal to compare a difference between the adjusted differential clock signals with 
the first reference signal, the first comparison unit configured to output a first detection signal 
when the difference is smaller than the first reference signal; and 

a first inverter configured to receive the first detection signal in order to invert the first 
detection signal. 

11. (original) The phase interpolator as claimed in claim 10, wherein the controller comprises a 
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first capacitor configured to store electrical charges of the first detection signal, 

wherein the first inverter switches the output signal when an output node coupled to the first 

capacitor reaches a predetermined voltage. 

12. (currently amended) The phase interpolator as claimed in claim 1 1, wherein the integrator 
comprises: 

a second capacitor; and 

a switching circuit coupled to the second capacitor the switching circuit configured to 
control the second capacitor according to an output of the first inverter. 

13. (original) The phase interpolator as claimed in claim 12, wherein the switching circuit is a 
transistor, wherein the integrator further comprises a third capacitor coupled to a drain of the 
transistor. 

14. (currently amended) The phase interpolator as claimed in claim 10, wherein at l e ant on e of 
the firs t s-se cond, and third comparison unit, compris e comprises : 

a second fourth comparison unit configured to receive a first voltage according to a first 
signal of the differential clock signals signal , a second voltage according to a second signal of the 
differential clock signals sigaak and a reference voltage according to a r e f e renc e signal 
according to a reference signal to compare a voltage that is thai is subtract e d subtracts the second 
voltage from the first voltage with the reference voltage; 

a third fifth comparison unit configured to receive the first voltage, the second voltage, and 
the reference voltage in order to compare a voltage that is the first voltage subtracted from the 
second voltage with the reference voltage; and 

an BXOR gate configured to receive the output outputs of the fourth second and filfe 
third comparison vmt units to output an exclusive OR operation of the output outputs of the 
fourth second and fifth third comparison u»*t units . 
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15. (currently amended) The phase interpolator as claimed in claim 14, wherein at least one 
of the fourth and fifth comparison unit comprise: 

a fourth comparison unit configured to receive the first and second voltag e voltages 
to output a voltage tliat is subtract e d a subtraction of the second voltage from the first voltage; 

a fifth o ovenlh comparison unit configured to receive an output voltage of the fourth hx& 
comparison unit and the reference voltage to output a voltage that is subtracted a subtraction of 
the reference voltage from the output voltage of the fourth axth comparison unit; and; 

a second inverter configured to receive an output of the fifth se v e nth comparison unit to 
invert the output of the fifth seventh comparison unit. 

16. (currently amended) The phase interpolator as claimed in claim 9, wherein the controller 
comprises: 

a first s e cond comparison unit configured to receive the differential clock signals and a 
second reference signal to compare a difference between the differential clock signals with the 
second reference signal, the first se cond comparison unit configured to output a second detection 
signal when the difference is smaller than the second reference signal; 

a second &*4 comparison unit configured to generate a clock signal using the 
differential clock signals; 

a delay circuit configured to delay an output of th e second third comparison unit; 

a first flip-flop configured to receive an output of the first s e cond comparison unit as a 
first data signal and an output of the delay circuit as a first clock signal to output the first data 
signal at a predetermined timing; 

a first s e cond inverter configured to receive the output signal of the delay circuit and to 
invert the output signal of the delay circuit; 

a second flip-flop configured to receive an output of the first flip-flop as a second data 
signal and an output of the first s eeesd inverter as a second clock signal to output the second 
data signal at a predetermined timing; and 
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a NAND gate configured to receive the outputs of the first and second flip-flops to output 
negative AND operation of the outputs of the first and second flip-flops. 

17. (currently amended) The phase interpolator as claimed in claim 16, wherein at least one of 
the first, second, and third comparison rait, units comprise: 

a third fourth comparison unit configured to receive a first voltage according to a first 
signal of the differential clock signals signal, a second voltage according to a second signal of 
the differential clock signals signal , and a reference voltage according to a roforonco signal 
according to a refereoce signal to compare a voltage that ic oubtrootod subtracts the second 
voltage from the first voltage with the reference voltage; 

a fourth fifib comparison unit configured to receive the first voltage, the second voltage, 
and the reference voltage to compare a voltage that is subtract e d subtracts the first voltage from 
the second voltage with the reference voltage; and 

an EXOR gate configured to receive the output outputs of the fourth third and fifth 
fourth comparison wat units to output an exclusive operation of the output outputs of the 
fourth third and fifth fourth comparison unit units. 

18. (currently amended) The phase interpolator as claimed in claim 17, wherein at least one 
of the fourth and fiflh comparison units comprises: 

a fifth sixth comparison unit configured to receive the first and second voltag e voltages to 
output a voltage that is subtract e d subtracts the second voltage from the first voltage; 

a sixth s e v e nth comparison unit configured to receive an output voltage of the fifth sixth 
comparison unit and the reference voltage to output a voltage that is subtracted subtracts the 
reference voltage from the output voltage of the fiftheafe comparison unit; and 

a second inverter configured to receive an output of the sixth seventh comparison unit 
and to invert the output of the sixth seventh comparison unit. 

1 9. (currently amended) A phase interpolator comprising: 
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a digital-analog converter configured to convert an inputted signal into a current; 

a mixer coniigured to receive an output of the digital-analog converter and a clock, the 
mixer configured to shift a phase of the clock according to the output of the digital-analog 
converter to output [[a]] adjusted differential clock signals; 

an integrator configured to receive the adjusted differential clock signals , th e int e grator 
and configured to slew toe differential clock signals outoutted from the mixer; 

[[a]] an output buffer configured to amplify an output of the integrator; 

a duty cycle correction circuit configured to receive amplified signals from the output 
buffer to adjust duty ratios phooo of the amplified signals, the duty cycle correction circuit 
configured to output fee4 the adjusted signals bask to the output buffer; and 

a controller configured to control a rate of the slewing the differential clock signals 
carried out by the integrator, when swings of the differential clock signals are below a 
predetermined value. 

20. (currently amended) A receiver comprising: 
a phase interpolator including: 

a digital-analog converter configured to convert an inputted signal into a current; 

a mixer configured to receive an output of the digital-analog converter and a 
clock, the mixer configured to shift a phase of the clock according to the output of the 
digital-analog converter to output adjusted differential clock signals; 

an integrator configured to receive data and said adjusted differential clock 
signal s, tho integrator configu red and to slew the adjusted differential clock signals; 

[[a]] an output buffer configured to amplify an output of the integrator, 

a duty cycle correction circuit configured to receive amplified signals from the 
output buffer to adjust duty ratios a phase of the amplified signal signals, the duty cycle 
correction circuit configured to output feed the adjusted signals beefe to the output buffer; 
and 

Page 14 of 17 

J5MV7I77476-1 
2102487*991270 



PAGE 17/20 * RCVD AT 11/24/2004 6:43:31 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-1/0 " DNIS:8729306 " CSID:650 833 2001 * DURATION (mm-ss):06-12 



11/24/2004 15:46 FAI 650 833 2001 



GCW&F #6 



©018 



App1. No. 10/634,593 

Docket No. 21024S7-991270 

Response to Office Action of July 26, 2004 



a controller configured to control a rate of the slewing of the differential clock 
signals carried out by the integrator, when swings of the differential clock signals are 
below a predetermined value; and 

a data read ujiit configured to read [[a]] data using the output of the output buffer. 
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